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Rheological Study on the Development and Growth of Cerebral 
Aneurysms Using an Experimental Animal Model 
HrnEYUKI NAKATANI 
Department of Neurosurgerγ，Kyoto University Medical School and Hospital 
(Director: Prof. Dr. HARUHIKO KIKUCHI) 
To clarify the pathogenesis of saccular cerebral aneurysms, it is essential to study hemodynamic in-
fiuences on the development and growth of these aneurysms. Up to now, a number of experimental flow 
studies have been done using a variety of glass models of cerebral arterial bifurcations with or without 
aneurysms. 
Blood flow at the bifurcation can be readily influenced even by subtle changes of the intraluminal 
geometry. But, it is quite di伍cultto obtain the accurate geometry of the lumen arti五cially.
Using the bifurcation of animal model of the disease, this limitation can be overcome. 
In the present study, using cerebral arterial bifurcations in rats which were treated to induce ex-
perimental cerebral aneurysms, flow patterns were studied to elucidate the pathogenesis of cerebral 
aneurysms from the rheological point of view目
くExperiment-1)
Microscopic flow visualization at the bifurcation of m勾orcerebral arteries in control rats was done. 
After perfusion and fixation, a right anterior cerebral and olfactory artery (ACA/OA) junction was extir-
pated from the base of the brain and served for laboratory preparation. A suspension of small latex par-
tides in various sizes was subjected to constant flow rate through the preparation, recorded on videotapes 
and 16 mm cinefilms. The results of flow analysis were: 1) Small particles accumulated at the region just 
distal to the apical intimal pad on the side of daughter ACA, where the initial changes of aneurysm forma-
tion are known to occur. This finding indicates a flow stagnation. 2) The apical intimal pad, not the 
apex itself, acted as the flow divider. 3) Flow disturbances existed both in the daughter ACA and in the 
OA. 
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Using ACA/OA bifurcations with shallow invaginations and small aneurysms, which were obtained 
from the rats treated to induce experimental aneurysms, flow patterns were obtained by the same methods 
as mentioned in <Experiment-1). Flow characteristics were: 1) Particles entering the dome from the prox-
imal end of the aneurysmal orifice markedly decreased their fl.ow velocity at that site. 2) Particles running 
along the luminal surface of the dome were in low flow velocity. This indicates a tendency of stagnation 
there. 3) The wall shear stress was highest at the distal end of the aneurysmal orifice, which may be 
responsible for the development of these lesions目
<Experiment-3) 
A technique was developed to visualize the flow at the major cerebral arterial bifurcation in living rats 
which were prepared to induce experimental cerebral aneurysms. Flow patterns at the ACA/OA bifurca-
tion with an aneurysm were analyzed. The bifurcation was exposed through the oral cavity by removing 
the underlying soft tissue and the skull base bone. A suspension of small fluorescent latex particles diluted 
in isotonic saline was injected through the inferior vena cava. The particle motions were detected through 
the fluoresce町 emicroscope and the silicon intensified target (SIT) camera and were recorded with a 
videocassette recorder. The motions of the particles were seen as comet-shaped short lines or streaks. In 
the bifurcation with an aneurysm, a spiral flow was observed in the parent ACA proximal to the bifurca-
tion. Some streamlines crossed each other in the distal branches just after the parent vessel was bifuト
cated. Flow in the aneurysm was more complicated than a simple spiral flow pattern. This newly 




















に復雑である事が示された．血液の流れは血管内腔形 6 7週齢の雄Sprague-Dawleyラット 14匹（最高血
状の微細な変化に極めて影響されやすく，高度な鋳造 圧： 102土9mmHg）を用い， pentobarbital 麻酔下
法を用いてもガラス等の人工的材料によってそれを精 (40 mg/kg，腹腔内投与）に腹部大動脈，下大静脈に
密に再現する事は容易ではない 動脈癌の増大してい 21 gaugeのエラスター針を挿入し，大動脈より潟血し
く過程での流れの変化は動物モデルを用いて初めて可 つつ，下大静脈よりヘバリン加リン酸緩衝液
能となると考えられる (pH=7.4, 0.15 M）を注入し動脈圧が低下した所で，
本研究では，実験的誘発動物脳動脈癌を有する血管 大動脈よりリン酸緩衝液を生理的圧にて注入しつつ，
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(Observat 1 on) 
Dead Cy! inder 
－ PBS + Latex Flow Cha・ber
Fig. 1 Experimental system for in vitro flow 
visualization and recording. 
下大動脈より潟血して頭部血管を潅流した．その後








Fig. 2 A frame of pictures obtained from 16 mm 
cinefilm. Flowing latex particles in the lumen 
are clearly observed like short rods (arrows). 




1.0 x 10-3 Pa・ sec, 21°C）内に直径5,8, 15, 25, 47 μm 
の polystylenelatex粒子（密度： 1.06 g/cm3, Polys-




拡大観察しながら， videocassette recorder ・(AG-7300, 
Matsushita Electric Inc., Kadoma）にて録画をおこな
い，さらに毎秒64コマの速さで 16mm cine camera 







が個々に明瞭に観察され（Fig. 2), cine自lmdata を
film-to-video conve口町（TRV-16, Elmo Co., Nagoya）に
て， videodataに変換した後， トレース機能を有する
画像改善装置（DVS-3000,Hamamatsu Photonics K. K., 
Hamamatsu）にて処理する事により個々の latex粒子
Fig. 3 A picture reconstructed by supenmposmg 
several仕amesof 16 mm cinefilms. Long and 
short arrows indicate the sequence of particle 
movements. 
438 日外宝第60巻第6号（平成3年1月）
の動きが追跡可能であった（Fig.3）・個々の粒子の動 Daughter ACA倶ijで apicalintimal padのすく遠位部
きをトレースして血管分岐部での流線を作成すると に，径の小さな粒子が貯留する例が散見された（Fig.
(Fig. 4), apex自身よりむしろ apicalintimal padが 5）.この所見は，分岐前 ACA(parent ACA）内の流速
自ow divider として働いている事がわかった が大きいほどより顕著であった．




Fig. 4 Streamlines and velocity profiles in a control bifurcation. Arrows indicate the velocity vectors on each 
streamline. ACA=anterior cerebral artery, PAcA=parent ACA, DACA=daughter ACA, DoA=olfactory 
artery. a., b, and c indicate the points where the diameter of each vessel was measured. 
Fig. 5 A control bifurcation with accumulation of small latex particles (arrows), which is located just distal to the 
intimal pad (asterisks) on the side of daughter anterior cerebral artery (DAcA) 
p＼（、＝parentACA, DoA =olfactory artery 
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C =the control bifurcation, SI= the bifurca-
tion with a shallow invagination, SA=the 
bifurcation with a small aneurysm, 
ACA =anterior cerebral artery, P ACA 
=parent ACA, DACA =daughter ACA, DoA 
=olfactory artery, D=diameter, Umax 
=the maximum flow velocity, 
Re=Reynolds number，。＝angleof bifurca-
tion, Q=flow rate, Measurements obtained 
at points a, b, and c in Figs. 4 and 7. 
。 Urr面X Re Flow Ratio 。
(prn) (mm/s) OoAcA/OooA 
PACA 180 15.3 2.8 - ，， DACA 160 14.1 2.3 
Do A 130 13.6 1.8 
1.6 22。
PACA 360 13.9 5.0 ，／ ，， 
DACA 280 1. 2 3.2 
Do A 130 10.4 1.4 
4.8 38° 
PACA 320 14. 7 4.8 ，， d”’ 
DACA 220 13.1 3.0 
Do A 150 8. 2 1.2 
3.2 41。












週間後より lathyrogen の一種である fi-aminopro-
pionitrile fumarate (BAPN; Tokyo Kasei Co., Tokyo）を
0.12%の割合で配合した飼料で飼育した，
約 3ヶ月後に処置ラット 12匹（最高血圧： 154±13 
mmHg）に対し，く実験 1＞と同様の方法で，全身麻
Re=p ・ Umax • di写 酔下に脳血管を潅流，固定し右 ACA/OA分岐部を摘
(p：作業流体の密度［g/cm3], Umax：最大流速 出した．標本の作成，流れの可視化，及び流れの解析




Fig. 7 Streamlines in a bifurcation with a shallow invagination (A) and with a small aneurysm (B). The numbers 
and small arrows indicate the flow velocities of the particles (small arrows). ACA=anterior cerebral artery, P 
ACA =parent ACA, DACA =daughter ACA, DoA=olfactory artery. The maximum flow velocity in the parent 


































ずり速度 （T）を求めた． I.動脈癒関口部近位端， 2・
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Fig. 8 Drawing showing the wall shear stress at and 
just distal to the shallow invagination shown in 
Fig. 7-(A). The arrows indicate the vectors of 
wall shear stresses. The length of the scale (up-
per arrow) represents a wall shear stress of0.5 
Pa. The wall shear stress was: 1=O.74 Pa; 
2=0.34 Pa; 3=0.88 Pa; and 4=0.61 Pa, 
respectively. Note that the wall shear stress 
was highest at the distal end of the invagina-
t10n 
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各点での壁ずり応力は 1:0.74 [Pa], 2: 0.34 [Pa], 3: 



































3) Flow patterns 
未処置（対照）群実験で得られた特徴的所見は





















の定理2) (p：流体の密度， g：重力加速度， h：高さ，
v.流体の速度， P：圧力として，一般に













































Fig. 9 Schematic drawing of epi fluorescence video 
microscopic system for flow visualization and 
recording. 
Fig. 10 A photograph of a right anterior cerebral-olfactory artery junction with an experimentally induced aneuηrsm 
(arrow) exposed in living state. The large vein (V), seated just lateral to the right optic nerve, covered the 
distal portion of the daughter anterior cerebral artery to put it out of sight. P=parent ACA, O=olfactory 
artery 
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Fig. 11 A frame of pictures obtained from videorecords. White lines in the lumen (in the upper photo) represent 
the pathlines of the particles. Black arrows (in the lower drawing) indicate the dome of the aneuηsm. 
（本） indicates the aggregated particles in the vein. ACA=anterior cerebral artery, PAcA=parent ACA, 

















Mercury epifiuorescence出iminator(EFD-2, Nikon, 
Tokyo) より発せられた青色光（波長は 450nm-490 
nm）をACA/OA分岐部に落射照明し，蛍光顕微鏡及
び siliconintensi五edtarget (SIT) camera (C2400-08, 
Hamamatsu Photonics K.K , Hamamatsu）を通して得
られた latex粒子の動きを TV-monitor (C 1846-03, 
Hamamatsu Photonics K.K., Hamamtsu）にて観察しな
がら， videocassetterecorder (NV-FS 65, Matsushita 
Electric Inc., Kadoma）にて videotapeに録画収録した
(Fig. 9). 

















Fig. 12 A frame of pictures obtained from videorecords showing the pathlines in the bifurcation with an 
experimentally induced aneurysm. A comet-shaped short while line represents the pathline of a 




Fig. 13 Drawing showing a family ofpathlines in the bifurcation with an aneurysm. Spiral flows were observed in 
the proximal sites of the daughter anterior cerebral artery (D AcA) and the olfactory artery (DoA）・ Notethat 




Drawing showing the m司jorthree types of pathlines in the parent vessel shown in Fig. 13. 
(A): pathlines pallarel to the wall of出eparent anterior cerebral artery (P ACA)・ 
(B): pathlines crossing the ones classified into (A), from the side of the daughter ACA (DAcA) 
toward the side of the olfactory artery (DoA)・ 








































2) Flow patterns 




































については 1) frame rate がより小さく再生できる












滞傾向を示唆した.(in vitro study) 
3) 動脈癌を有する分岐部では，分岐前 ACA(parent 
ACA), daughter ACA及び OA内いずれにも螺旋流を
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